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TABLE 111-9 


PrGduction, 
sq ft/&y 

Less than 1,000 

1,000 to 2,999 

3,000 to 20,000 

lbre than 20,000 

T o t a l s  

,Used Not used T o t a l s  

32 3 35 

15 2 17 

57 1 58 

16 0 16 

-13 -0 -13 

133 6 139 



TABLE 111-10 

CORKELATION OF SQUEEGE2 Us% WTlX P,WDUCTICH 

u s s  than 1,000 

1,000 'cw, 2,999 

3,000 t o  20,000 

mre than 20,000 

Unknown 

Tutals 


11 9 E 35 

10 3 4 17 

52 3 3 58 

16 0 0 16 

-12 -1 -0 -13 
101 16 22 139 



TABLF: 111-11 


Frcnn Au, Fix Fram 
P&tim, Solution Portion of 
sq ft/&y overflows Overflows Not U s e d  Totals 

Less than 1,000 27 2 6 35 

1,000 to 2,999 16 1 0 17 

3,000 b 20,000 57 I 0 58 

More than 20,000 16 0 0 16 

UnklOWl 13- 0- 0- 13-
Totals  129 4 6 139 
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SECTION IV 


INDUSTRY CATEGORIZATION 


INTRODUCTION 


The purpose of industry categorization is to establish 

subcategory groupings for pollution control purposes within 

the photographic processing industry such that plants within 

each group have an equal ability to meet the established 

effluent limitations guidelines. Upon examination of the 

various categorization bases it was determined that this 

industry should be considered as a single group. The 

following subsection describes the considerations for making

this determination. 


CATEGORIZATION BASIS 


After considering the nature of the various segments of the 

photographic processing industry and the operations

performed therein, the following factors were considered as 

bases for subcategorization: 


1 .  Process type
2 .  Service performed or customer type 
3 .  Type and quantity of material processed. 
4 .  Age of facility and number of employees 
5 .  Geographic location 
6. Water use 
7 .  Effluent discharge destination 

Process Type 


Since the processes performed in a plant are the sources of 

wastes from a plant, the photographic processes would seem 

to be a natural candidate for subdividing the industry. As 

described in Section 111, there are a number of process 

types used. 


Many of the plants surveyed use multiple process types �or 

processing a mixture of photographic materials. The mixed 

wastes from these plants tend to blend any distinguishing 

process characteristics. There are, of course, plants where 




wastes do not contain all of the pollutant parameters of 
concern because only one process type is used or the process
blend is such that one or more of the waste parameters of 
concern is omitted. For example, a black and white negative
only plant does not use bleach, and a color negative only
plant typically does not use ferricyanide or dichromate 
bleach. (The color negative process, MC-42, uses 
ferricyanide bleach, but observations during the study
showed a tendency for color negative and print plants to use 
the C-41 process which uses a ferric EDTA bleach. The MC-42 
process is more likely to be used in plants having a mix of 
reversal processes and use a house ferricyanide bleach 
system.) As a result, total cyanide and chromium pollutants 
are not added to the wastewater and these plants will have 
no difficulty in meeting any limitation on these pollutant
parameters. Therefore, the presence or absence of certain 
process types is not a basis for subcategorization. 

- Customer TypeService Performed or 


The service performed or customer type determines the types

of materials to be processed which, in turn, determines the 

processes utilized. Therefore, the above discussion about 

process type is also applicable to the service performed. 


Type and Quantity of Material Processed 


Some distinguishing process characteristics for the various 
material types are shown in Table IV-1. 



TABLE IV-1 

Distinguishing Process Characteristics of Various 


Material Types 


Material Type 


Black and White 

Negative

Reversal 


Color Film 

Negative 


Reversal 


Negative, movie 

Negative, movie print 


Color Paper

Negative

Reversal 


Processinq Characteristics 


No bleach 

Dichromate bleach, waste bleach 

contains silver 


High silver, ferricyanide or EDTA 

bleach 

High silver, ferricyanide, EDTA, or 

ferric chloride bleach 

High silver, ferricyanide bleach 

Low silver, dichromate or 

ferricyanide bleach 


Low silver, EDTA bleach 

Low silver, EDTA bleach 


As indicated, some of the materials have a relatively high 
or low amount of silver in the emulsion that is potentially
released to the wastewater. Generally, most plants process 
a mixture of materials which tend to produce an amount of 
silver in the effluent per production unit that is in the 
mid-range of silver that would come from film or paper
alone. For example, it is common for a plant to process
both film (high silver) and paper (low silver). Even a 
movie film plant which processes all film is analogous to 
the common film-gaper plant in that the movie plant 
processes both high silver content negatives and low silver 
print film. A plant which processes only reversal films 
will have a relatively high silver load prior to silver 
recovery. Silver recovery processes are generally operated
to reduce silver concentrations to comparable levels 
regardless of the silver concentration before silver 
recovery. So, assuming similar hydraulic loads, a reversal 
only plant would potentially have effluent silver levels 
equivalent to those of other types of plants. 



The bleach characteristics in Table IV-1 are related to 

process type; therefore, the discussion on process types is 

applicable. 


Production normalized quantities of process water and silver 

in the effluent versus the quantity of material processed

(production) are shown in Figures IV-1 and IV-2,

respectively, for the plants studied. The plants having

end-of-pipe treatments are identified in Figure IV-2. 


The water use plot indicates no strong dependency of water 

use with production, and the plot of silver load versus 

production shows a general downward trend of lower silver 

with increased production. However, when considering the 

grouping of plants with similar silver treatment, the 

grouped silver quantities are generally independent of 

production. The downward trend is most likely a result of 

increased silver treatment rather than a dependency on 

production. Water use may be higher in plants with 

production of less than 93 sq m/day (1,000sq ft/day) due to 

inefficiencies of operation and the use of less efficient 

(in terms of water use) process equipment, but the available 

information is insufficient to make this determination. 

Therefore, based on available information, processed

material quantity is not a suitable parameter for 

subcategorization. 


eof- Facility 

Production normalized quantities of process water versus 
plant age and silver in the effluent versus plant age are 
shown in Figures IV-3 and IV-4, respectively, for the plants
studied. No particular relationship between these 
parameters is shown, and therefore plant age is not a 
suitable basis for subcategorization, 

Number of Employees 


Production normalized quantities of process water versus 

number of employees and silver in the effluent versus number 

of employees are shown in Figures IV-5 and IV-6, 

respectively, for the plants studied. No particular

relationship between these parameters is shown, and 

therefore number of employees is not a suitable basis for 

subcategorization. 
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Geoqraphic Location 


Geographic location is not a basis for subcategorization.

Photographic processes are not affected by the physical

location of the facility. The price or availability of 

water may affect the amount of modification to procedures

used in each plant. However, procedural changes to conserve 

water can affect the concentration of pollutants discharged

but not the amount or characteristics of the constituents. 

The waste treatment procedures described in Section I11 can 

be utilized in any geographical area. In the event of a 

limitation in the availability of land space for 

constructing a waste treatment facility, the in-process

controls and wash water conservation techniques described in 

Section I11 can be adopted to minimize the land space

required for the end-of-process treatment facility. Often, 

a compact package unit can easily handle end-of-process

waste, if good in-process techniques are utilized to 

conserve raw materials and water. 


Water 


A s  previously shown in Figure IV-1, no strong dependency
exists between water use and plant size in terms of the 
quantity of material processed. It is expected that the 
relative amount of water used by very small plants, less 
than 93 sq Wday (1,000 sq ft/day), will be larger than the 
industry norm due to inefficiencies of operation. For 
example, when production is low, process machines may be on 
stand-by for long periods during which time there is some 
wash water flow. Small processors commonly use manual tray
processing and low volume production sheet film and paper 
processors which are inherently less efficient in water use 
than large continuous process machines. The available data 
are insufficient to quantify the water use for these very
small plants. For the size of plants represented in Figure
IV-1, there is no basis for subcategorization. 

Effluent Discharqe Destination 


Of the approximately 11,000 photographic processing
dischargers, fewer than 20 are direct dischargers as 
determined by an NPDES permit search. The fact that a plant
is a direct discharger has no effect on the type of 
pollutants discharged. Direct dischargers may currently 



have more stringent limitations because of permit

requirements. As a result, they may have applied more 

effective controls and thus have smaller pollutant amounts 

than those which discharge to POTWs. The available data are 

insufficient to make this determination. 


SELECTION OF PRODUCTION RELATED PARAMETER 


In the selection of a suitable production normalizing

parameter, a number of production related factors were 

considered. The level of production activity in a 

particular plant can be expressed as the processed area, raw 

materials consumed, number of process machines, or number of 

employees. 


All of these parameters have some relation to the level of 

production in a particular plant, but area processed is more 

closely associated with the level of activity relative to 

pollutant discharge than the other parameters for the 

photographic industry. Raw material consumed is directly

related to area processed but with the area being the 

primary factor. The number of process machines is related 

to the area processed but varies depending upon the degree

of utilization of each machine in a particular plant. The 

number of employees is an unreliable measure of production

because of a varying degree of automation, particularly in 

the smaller facilities. Therefore, the area of emulsion 

processed was selected as the production normalizing

parameter. 




SECTION V 


PROCESS WASTE CHARACTERIZATION 


DATA BASE 


The initial EPA study of the Photographic Processing
Industry was conducted during the period mid-1974 through
mid-7976 and included a Kodak "200 plant" survey and the 
collection of data and sampling of three plants in the fall 
of 1974. In the spring of 1976 the National Association of 
Photographic Manufacturers (NAPM) conducted a sampling
effort of 37 plants. An expanded EPA effort was initiated 
in the fall of 1976 for the purpose of collecting additional 
information. This second EPA study began in October 1976 
with the sampling of two plants. Then information w a s  
obtained from 139 plants in a telephone survey which was 
described in Section 111. A formal request for data was 
made to those plants which indicated during the telephone 
survey that they had available self-monitoring data .on 
wastewater characteristics. A total of 19 plants submitted 
some information based on this request. From information 
gathered in the telephone survey, twenty plants were 
selected and visited. Detailed engineering information was 
obtained on the process water use, in-process controls,
end-of-pipe treatments and wastewater characteristics. The 
factors considered during the selection process were product
mix, in-process controls, end-of-pipe treatments, size 
(production)and data availability. Primary consideration 
was given to the use of end-of-pipe treatments and 
in-process controls. Five of the 20 plants visited were 
selected for sampling by EPA. Selection factors considered 
were product mix, in-process controls and end-of-pipe
treatments. The sampling of these plants took place in the 
summer of 1977. A summary of these data sources is given
below: 



Information Source 

and Type 


1969-1 974 Kodak "200 Plant" 
Survey
1974 - EPA Engineering Plant 
Visit and Sampling
1976 - NAPM Sampling
1976 - EPA Sampling'
1976 - EPA Telephone Survey
1976 - �PA Engineering Plant 
Visit 
1977 - EPA Sampling
1976 - Self-monitoring data 
submitted to EPA on request 


Number 

of Plants 


237 


3 

37 

2 


139 


20 

5 


17 


Note that some plants in each source category may be 

included in another category. For example, some of the 37 

plants in the NAPM sampling effort were also covered in the 

139 plant telephone survey. 


Section V contains data for 76 plants obtained from the 

described sources of information. Four digit number codes. 

are used to represent each of the studied plants. The 

series of numbers 02nn have been assigned to the 37 plants

included in the 1976 NAPM sampling effort. The data have 

been condensed (by averaging) and abridged. Table V-1 lists 

the plants studied by plant code and gives some general

characteristics of their customer type, SIC code, relative 

size, and production. The production information is given

in terms of percent film production, percent black and white

production, and the percentage of color production

attributed to the several bleach types. 


Sampling Efforts 


EPA conducted waste stream sampling efforts in the fall of 

1974 and 1976 and in the summer of 1977. A major portion of 

the 1977 effort was devoted to the sampling and analyses for 

priority pollutants. The collected effluent samples

consisted of flow proportioned composites taken during

single process days in the 1974 and 1976 sampling efforts. 

Flow proportioned composites were taken for each of three 

days at each site during the 1977 sampling effort with the 

exception of plants 2714 and 9026. No effluent samples were 
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taken at 9026; only grab samples were taken from two silver 

recovery units. The waste stream samples at plant 2714 were 

collected in 38,000 liter (10,000 gal) tanks prior to 

discharge. Grab samples were taken from these tanks when 

they were essentially full. 


Plants 4550, 6237 and 1465 were sampled by EPA in the fall 

of 1974. Plant 4550 was re-sampled in 1977 and the more 

current data are included in this report. Plant 6237 

discharged treated wash water directly to surZace waters and 

concentrated chemicals to a POTW at the time of sampling.

Since that time, the plant has combined the waste streams 

and is discharging to a POTW without end-of-pipe treatment. 

The data are no longer representative of the plant's

operation. Plant 1465 also separates the wash water from 

the concentrated chemical wastes. The wash water, mixed 

with some non-contact cooling water, is discharged directly

to surface waters without treatment. The concentrated 

chemicals waste stream is treated and discharged to a POTW. 

The data for these two streams have been combined and appear

later in this section under Effluent Characteristics After 

End-of-Pipe Treatments. 


Plants 6443 and 2488 were sampled by EPA in September 1976. 
Samples were split with each plant, and the reported
pollutant concentrations are averages of the results 
obtained by the plant and EPA with a few exceptions. The 
silver value obtained by plant 2488 is reported and the 
cyanide value obtained by EPA at 6443 is reported. These 
individual results are more consistent with historical data 
from similar plants. Both plants use silver recovery and 
bleach regeneration on all applicable solutions. Plant 2488 
treats fix waste by precipitation with ferrous sulfate in a 
batch operation for cyanide reduction before discharge. No 
batches were treated and discharged during the sampling
period so that the sample taken includes no fix waste except
for that carried over into the wash water. Such fix waste 
is included in the EPA sample from plant 4550. This plant
is similar in process and waste handling characteristics to 
plant 2488. The data for plant 4550 effluent containing the 
waste fix also appear later in this section. 

The samples collected during the 1977 EPA sampling efforts 

were split with NAPM. The pollutant parameter concentration 

values reported in the following data tables are an average 
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of the EPA and NAPM values with the exception of certain 

parameters measured in the concentrated process solutions 

(before in-process controls). Because of the concentrated 

chemical content of these solutions, various chemical 

interferences caused some inconsistencies in the results 

between the two labs. The NAPM values for total cyanide and 

silver were, in general, used for the concentrated 

solutions. These selections were necessary because it was 

found that the standard EPA procedures did not consistently

give reasonable results for those concentrated chemical 

solutions. NAPM used modified or other standard test 

procedures in these cases based on their experience with 

photographic solutions and obtained results more consistent 

with the known solution formulations. The following is a 

brief description of the major modifications made by NAPM on 

the test procedures. 


Total cyanide - In the presence of reducing agents such 
as sulfites and thiosulfates, an excess of chloramine T is 
required. After distillation, a determination was made of 
the amount of reducing agent present. The amount of 
chloramine T added depended on this result. The EPA 
procedure calls for a fixed amount. 

Silver - On concentrated samples NAPM used long
digestion periods of 0 . 5  to 3 hours with one hour typical.
Nitric-sulfuric acid was added during digestion to prevent
dryness. EPA digested directly to dryness in considerably
less time, potentially resulting in incomplete digestion and 
low values. 

NAPM conducted their own sampling effort in the spring of 
1976. The results include 31 plants sampled for two days in 
1976 and 6 plants sampled at various times during the period 
1973-1976. Each sample is a flow proportioned composite
taken from the plant discharge during the daily production
period. In some cases the tested samples contain sanitary
wastewater. None of these plants use end-of-pipe treatment 
prior to discharge except plants 32 through 37  which treat 
waste fix for removal of ferri/ferrocyanide before 
discharge; however, no treated waste fix was discharged
during sampling. 

In this section, production related parameters are 

expressed in terms of surface area of photographic emulsion 


. 



rocessed in units of thousand square meters with 
ForrespondinbEnqlish units _. thousand square feet-kof 

parentheses. 


PROCESSES USED 


The processes used by the plants studied are listed in Table 

V-2. Details of the listed processes were discussed in 

Section 111. In general, the process chemistry and 

procedure at each plant were the same as that previously

described. The variances observed were minor, usually

involving wash steps. The number and placement of some wash 

steps are somewhat dependent upon the type of process

machine and squeegee usage. In black and white processing

it was common for the stop step to be eliminated. Sometimes 

a hypo eliminator or hypo clearing agent step was added 

after fix. Because of the more complicated chemical 

reactions and critical controls necessary for color 

processing, there is very little latitude for process

variance. Although it is possible to substitute 

ferricyanide bleach for the prescribed EDTA bleach in the 

C-41 process, no plants studied made this change. Plant 

1232 uses EP-3 chemistry for color paper processing but has 
eliminated the stabilization step. The process, then, is 
essentially identical to EP-2 which has no stabilizer step.
Plant 3075 uses a bleach-fix in the C-41 and C-22 processes
for which separate bleach and fix solutions are prescribed,
the bleaches being EDTA and ferricyanide, respectively.
This substitution is unusual but both processes had very
limited usage. 

A list of the plant in-process controls used by plants
studied is given in Table V-3. The silver recovery usage
column refers to waste fix where "all" means that silver is 
recovered from each fix solution from each process line. In 
the primary silver recovery column, the notation "B In-line" 
refers to a circulating fix solution system where an 
"in-line" electrolytic silver recovery unit continuously 
recovers silver from the fix. 

Plants 6208 and 7781 recover silver from the after-fix wash 
waters and recycle a portion of the de-silvered water to 
process use. Plant 6208 uses an ion exchange system to 
recover silver from a mixture of waste fix and wash water. 
A portion of the treated water is chlorinated and recycled 
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to the process. The waste fix has gone through primary and 
tailing silver recovery prior to mixing with the wash water. 
The silver is recovered from the resin on site by
backwashing the resin with a proprietary concentrate. Plant 
7781 treats the wash water with a reverse osmosis (RO)
system and removes the silver from the concentrate by
sulfide precipitation and settling. Before introduction to 
the RO unit, the wash water is equalized and filtered. 
Plant 9061 also uses a proprietary resin ion exchange system
to recover silver from wash water. The silver is recovered 
from the resin off site by a contractor and the waste wash 
water is discharged. 

While ferricyanide and ferric EDTA bleach regeneration is 

not as universa-lly practiced as silver recovery at the 

plants visited, most plants do some regeneration of bleach. 

In most cases where a bleach was not regenerated, it was 

from a little-used process. 


Dichromate bleach is not regenerated. Some plants reuse a 
portion of the bleach overflow by discharging a portion and 
reconstituting the remainder. Plant 6208 uses a 
rep1enish-on-demand" dichromate b1each replenishment

technique which was described in Section 111. In addition 

the plant uses a resin ion exchange system to reduce the 

chromium level in the after bleach wash water prior to 

recycle of the water. 


WATER USE 
Water is used in the photographic processing industry for 

the following purposes: 


( 1 )  Process water: film and paper wash water, solution 
make-up water, and area and equipment
wash water. 

( 2 )  Non-process water: 	 Non-contact cooling and heating 
water, cooling tower (air
conditioning), boiler, and sanitary. 

The total (process and non-process) water use for the 

facilities visited in the industry ranges from 13,200 to 

2,100,000 liters per day (3,500 to 550,000 gallons per day).

It was observed that more than 95 percent of the process 
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water use in each facility is for film and paper washing.

Unless otherwise stated, water use throughout this document 

refers to process water only. 


Process Water 


'Filmand Paper Wash Water 


The largest single water process use is for the washing of 

film and paper during various stages of the process. The 

function of the wash step is to remove no longer needed 

chemicals included in the emulsion during manufacture,

absorbed into the emulsion during processing, or reaction 

products created during processing. 


Solution Make-ue Water 


The chemicals used to make up processing solutions are 
generally supplied to the processor in the form of liquid 
concentrates or powdered chemical formulations. The 

processor adds water to make up the solutions to working

strength. Waterborne wastes are generated when these 

solutions are discarded after becoming exhausted or when 

allowed to overflow during replenishment, as is the common 

practice. 


Area and Equipment Wash Water 


Water is used for the washing and rinsing of solution mixing

utensils, storage tanks, and processing machines and for 

area washdown. 


Non-Process Water 


Some facilities use non-contact water for the heating and 

cooling of process solutions to maintain proper operating

temperatures. This water is not process water since it is 

contained in enclosed water jackets around process tanks and 

does not come into contact with raw materials or the 

product. Other non-process water uses include make-up water 

�or cooling towers, boilers, and lawn sprinkling. The 

volume of water used for these purposes in this industry is 

small when compared to process water use except in the case 

of large plants with cooling towers for air conditioning. 
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Water Usage 


Some general information on water use is included in the 

results of the industry survey and the EPA telephone survey

tabulated in Section 111. This information is in terms of 

ranges of total process water use. During the EPA plant

visits, estimates of detailed water use information were 

obtained from the 20 plants visited, and these estimates are 

presented in Table V-4 along with total process water use 

for the remainder of the plants studied. The average total 

process water use for the 70 plants from which data were 

obtained is 157,000 liters/1,000 sq m (3,850 ga1/1,000 sq

ft) of material processed. 


PROCESS WASTE 


Process waste information was obtained from EPA sampling in 

1974, 1976 and 1977, the NAPM sampling effort, and plant

supplied self-monitoring data. A major portion of the 1977 

EPA sampling effort was devoted to the sampling and analyses

for toxic pollutants at four of the five plants sampled.

Most of the data were obtained from wastewater samples taken 

after the application of various controls. The 1977 EPA . 
sampling effort also included the sampling of some process
solutions before application of controls. These data were 

obtained to assist in evaluating the effectiveness of 

various controls. The production normalizing factor used to 

calculate the cyanide and chromium amounts found in the 

following tables relates to the area of emulsion processed

using ferricyanide bleach or chromium bleach, respectively.

In reference to the cyanide values obtained during the NAPM 

survey, the actual parameter measured was

ferri/ferrocyanide. The listed total cyanide value was 

calculated by NAPM by multiplying the measured value by the 

stoichiometric ratio of 0.74. 


Tables V-5 and V-6 contain pollutant concentration and 

quantity information, respectively, on various process

solutions before any application of controls. These data 

were obtained from grab samples collected by EPA during the 

1977 sampling effort. The solutions selected for sampling 

were those solutions that the particular plant reconstituted 

or regenerated for reuse. With these data, estimates can be 

made as to the impact on an effluent of not reusing these 

solutions. 
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Table V-7 contains data obtained from grab samples taken 

before and after various silver recovery operations. These 

samples were taken during the 1977 EPA sampling effort. 


Tables V-8 and V-9 contain pollutant concentration and 
quantity information, respectively, on the effluent from 
plants using in-process controls for silver recovery,
coupler recovery, and bleach regeneration where applicable.
A description of the in-process controls used at the plants 
was previously given in Table V-3. The hydraulic load 
values given in Table V-9 may not always agree with the 
process water values for a specific plant given in Table 
V-4. The process water information in Table V-4 represents
estimates or long-term averages in most cases while the 
water data in Table V-9 generally represent a measured flow 
over a relatively short sampling period. 

EFFLUENT CHARACTERISTICS 


The results in this section describe plant effluents after 

the application of various end-of-pipe treatments. These 

treatments are in addition to the various controls which 

were previously described. 


End-of-pipe treatment information for plants using such 

treatments is given in Table V-10. Table V-11 contains 

before- and after-treatment data for some individual 

treatment operations. Tables V-12 and V-13 contain the 

plant effluent data for plants using in-process controls 

plus end-of-pipe treatments, pollutant concentrations, and 

amounts, respectively. 
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SECTION VI 


SELECTION OF POLLUTANT PARAMETERS 


The Agency is concerned over potential discharges of toxic 
pollutants from industrial sources. A comprehensive effort 
was conducted to determine if these pollutants are present
in wastewaters from photographic processing. The toxic 
pollutants are listed in Table VI-1. The conventional 
parameters listed in Table VI-2 and non-conventional 
parameters listed in Table VI-3 were also selected to be 
sought in the field data collection program. In addition,
related published data and NPDES permit applications for 
direct discharges in this industry were examined to assist 
in this determination. 


.Thewastewater characterization detailed in the previous

section has been reviewed to determine what wastewater 

constituents are contributed to photoprocessing wastewater 

in significant quantities. A toxic pollutant was considered 

significant unless one or more of the following was true: 


(a) the pollutant was not detected,

(b) its presence was due to incoming water, or 

(c) it was present in concentrations below current 


water quality criteria. 




TABLE VI-1 

Toxic Pollutants 


acenapthene

acrolein 

acrylonitrile

benzene 

benzidine 

carbon tetrachloride (tetrachloro­

methane)

chlorobenzene 

1,2,4-trichlorobenzene

hexachlorobenzene 

1,2-dichloroethane

l,l,l-trichloroethane

hexachloroethane 

1,l-dichloroethane

1,1,2-trichloroethane

1,1,2,2-tetrachloroethane

chloroethane 

bis(chloromethy1)ether

bis(2-chloroethyl) ether 

2-chloroethyl vinyl ether (mixed)

2-chloronapthalene

2,4,6-trichlorophenol

parachlorometa cresol 

chloroform (trichloromethane)

2-chlorophenol

1,2-dichlorobenzene

1,3-dichlorobenzene

1,4-dichlorobenzene

3,31-dichlorobenzidine

1,l-dichloroethylene

2,4-dichlorophenol

l,2-dichloropropane

1,2-dichloropropylene (1,3-dichloro­

propene)

2,4-dimethylphenol

2,4-dinitrotoluene

2,6-dinitrotoluene

1,2-diphenylhydrazine

ethylbenzene

fluoranthene 

4-chlorophenyl phenyl ether 


4-bromophenyl phenyl ether 

bis(2-chloroisopropyl) ether 

bis(2-chloroethoxy) methane 

methylene chloride (dichloro­

methane)
methyl chloride (chloromethane)
methyl bromide (bromomethane)
bromoform (tribromomethane)
dichlorobromomethane 
trichlorofluoromethane 
dichlorodifluoromethane 
chlorodibromomethane 
hexachlorobutadiene 
hexachlorocyclopentadiene
isophorone
napthalene
nitrobenzene 
2-nitrophenol
4-nitrophenol
2,4-dinitrophenol . 
4,6-dinitro-o-cresol
N-nitrosodimethylamine
N-nitrosodiphenylamine
N-nitrosodi-n-propylamine
pentachlorophenol
phenol
bis(2-ethylhexyl) phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
dimethyl phthalate
benzo(a1anthracene (1,2-ben­
zanthracene)


benzo(a)pyrene(3,4-benzo­

pyrene)

3,4-benzofluoranthene

benzo(k)fluoranthene

(11,12-benzofluoranthene)


chrysene

acenaphthylene 




a n t h r a c e n e  
benzo(ghi)perylene(l,i2-ben­


z o p e r y l e n e )
f l u o r e n e  
phenan th rene  
d i b e n z o ( a , h ) a n t h r a c e n e  (1 ,2 ,5 ,6 ­

d i b e n z a n t h r a c e n e )  
i n d e n o ( l , 2 , 3 - c d )  p y r e n e  


(2 ,3-o-phenylenepyrene)  

p y r e n e 

t e t r a c h l o r o e t h y l e n e  

t o l u e n e  

t r i c h l o r o e t h y l e n e  

v i n y l  c h l o r i d e  ( c h l o r o e t h y l e n e )  

a l d r i n  

d i e l d r i n  

c h l o r d a n e  

4 4 ~ - D D T  

4 , 4  -DDE ( p ,P I-DDX ) 

4 , 4  -DDD( p ,P '-TDE )

a-endosulfan-Alpha 

b-endosulfan-Beta  

e n d o s u l f a n  su l fa te  

e n d r i n  

e n d r i n  a ldehyde  

h e p t a c h l o r  

h e p t a c h l o r  e p o x i d e  


TABLE V I - 1  ( c o n t i n u e d )  

a-BHC-Alpha 

b-BHC-Be t a  

r-BHC-(1indane)Gamma 

g-BHC-Delta

PCB-1242 ( A r o c h l o r  1242)  

PCB-1254 ( A r o c h l o r  1 2 5 4 ) 

PCB-1221 ( A r o c h l o r  1221)  

PCB-1232 ( A r o c h l o r  1232)  

PCB 1248 ( A r o c h l o r  1248)  

PCB-1260 ( A r o c h l o r  1260) 

PCB-1016 ( A r o c h l o r  1016)  

t oxaphene 

ant imony ( t o t a l ) 

a r s e n i c  ( t o t a l )  

a s b e s t o s  ( f i b r o u s ) 

b e r y l l i u m  ( t o t a l ) 

cadmium ( t o t a l )  

chromium (total) 

copper ( t o t a l ) 

c y a n i d e  ( t o t a l )  

lead ( t o t a l )  
mercury  ( t o t a l )
n i cke l  ( t o t a l )
se len ium ( t o t a l )
s i l v e r  ( t o t a l )
t h a l l i u m  ( t o t a l )  
z i n c  ( t o t a l )  

TABLE VI-2  
C o n v e n t i o n a l  P o l l u t a n t s  

PH 
BOD 
COD 
O i l  and Grease 
Suspended S o l i d s  



TABLE VI-3 

Non-Conventional Pollutants 


Acidity

Alkalinity

Carbon, organic (TOC)

Chlorinated Hydrocarbons

Color (units)

Cyanide (am. chlorin.)

DO 

Fe( CN 1 5 

F1uoride 

Halides 

Hydroquinone

Nitrogen-

Ammonia 

Phenols 

Silica 

Solids -

Total 

Dissolved 

Volatile 

Specific conductance 


Sulfate 

Sulfite/Thiosulfate

Surfactants 

Thiocyanate

Turbidity (units)

Aluminum 

Barium 

Boron 

Calcium 

Chromium+6 

Cobalt 

Iron 

Magnesium

Manganese

Molybdenum

Potassium' 

Sodium 

Tin 

Titanium 


Wastewaters from plants 6208, 2714 ,  4550 and 7781 were 
examined for toxic pollutants. ' No organic toxic pollutants 
were found except 1,2-diphenylhydrazine, which was found 
(200 ug/l) in one stream at plant 2 7 1 4 .  This chemical was 
found in the reverse osmosis permeate but was absent in the 
reverse osmosis concentrate, raising the possibility that 
its presence in the permeate was an anomaly. This pollutant 
was not found at any other plant. The organic priority
pollutants were measured to a detectability limit of 20 ug/l
by gas chromatograph-mass spectrometer analysis. 

Pesticides were found at low levels at four of the five 
plants. Amounts varied from the detection limit up to 1 . 6  
ug/l. Similar amounts of pesticides were also found in the 
incoming water supply in these plants. The quantitation
limit for pesticides is 0 . 1  ug/l with the instrumentation 
used. The single effluent streams from plants 6208, 4550 
and 7781 and all three outfalls for plant 2714 were analyzed
for asbestos, but none was found. 



The following toxic metals were not found above their 

detectable limits in plant effluents: 


Metal Detectable Limit, mg/l 


Arsenic 0.002 
Beryl1ium 0.005 
Copper 0.010 
Mercury 0.0002 
Nickel 0.020 
Selenium 0.002 
Thallium 0.100 

Antimony and zinc were found.inconcentrations equivalent to 

concentrations in incoming water supply or equal to, or less 

than, current water quality criteria. 


A discussion of those conventional and toxic pollutant

parameters which were found in significant quantity follows. 

Table V I 4  lists these parameters. 


TABLE VI-4 

Pollutants Found in Significant Quantities in 

Effluents from Photographic Processing Plants 


Toxic Conventional No,n-Conventional 


Cadmium PH Boron 

Chromium BOD Dissolved Solids 

Cyanide, total COD Halides 

Lead Iron 

Silver Nitrogen, ammonia 


Phenols 

Sulfate 

TOC 


DESCRIPTION OF POLLUTANT PARAMETERS OF SIGNIFICANCE 


I.
- POLLUTANT PROPERTIES 

Acidity -and Alkalinity = pH 
Although not a specific pollutant, pH is related to the 

acidity or alkalinity of a wastewater stream. It is not a 

linear or direct measure of either;, however, it may 


s 
i 




properly be used as a surrogate to control both excess 
acidity and excess alkalinity in water. The term pH is used 
to describe the hydrogen ion - hydroxyl ion balance in 
water. Technically, pH is the hydrogen ion concentration or 
activity present in a given solution. pH numbers are the 
negative logarithm of the hydrogen ion concentration. A pH
of 7 generally indicates neutrality or a balance between 
free hydrogen and free hydroxyl ions. Solutions with a pH
above 7 indicate that the solution is alkaline, while a pH
below 7 indicates that the solution is acid. 

Knowledge of the pH of water or wastewater is useful in 
determining necessary . measures for corrosion control,
pollution control, and disinfection. Waters with a pH below 
6.0 are corrosive to water works structures, distribution 
lines, and household plumbing fixtures, and such corrosion 
can add constituents to drinking water such as iron, copper,
zinc, cadmium, and lead. Low pH waters not only tend to 
dissolve metals from structures and fixtures but also tend 
to redissolve or leach metals from sludges and bottom 
sediments. The hydrogen ion concentration can affect the 
"taste" of the water and at a low pH, water tastes "sour." 

Extremes of pH or rapid pH changes can exert stress 
conditions or kill aquatic life outright. Even moderate 
changes from "acceptable" criteria limits of pH are 
deleterious to some species. The relative toxicity* to 
aquatic life of many materials is increased by changes in 
the water pH. For example, metalocyanide complexes can 
increase a thousandfold in toxicity with a drop of 1 . 5  pH
units. Similarly, the toxicity of ammonia is a function of 
pH. The bactericidal effect of chlorine in most cases is 
less as the pH increases, and it is economically
advantageous to keep the pH close to 7 .  

Photographic processing wastewaters from the individual 
processing steps are both basic and acidic. For example,
developers are basic and the stop and fix solutions -are 
acidic. When waste streams from these solutions are 
combined in the plant discharge, the different streams tend 
to neutralize each other. Overall plant discharges in this 
industry are generally in the pH range of 6 to 9 with most 
in the range of 7 to 8 . 5 .  

* 	 The term toxic or toxicity is used herein in the normal 
scientific sense of the word and not as a specialized
term referring to Section 307(a) of the Act. 



Acidity is defined as the quantitative ability of a water to 
neutralize hydroxyl ions. It is usually expressed as the 
calcium carbonate equivalent of the hydroxyl ions 
neutralized. Acidity should not be confused with pH value. 
Acidity is the quantity of hydrogen ions which may be 
released to react with or neutralize hydroxyl ions while pH
is a measure of the free hydrogen ions in a solution at the 
instant the pH measurement is made. A property of many
chemicals, called buffering, may hold hydrogen ions in a 
solution from being in the free state and being measured as 
pH. The bond of most buffers is rather weak, and hydrogen
ions tend to be released from the buffer as needed to 
maintain a fixed pH value. 

Highly acid waters are corrosive to metals, concrete, and 

living organisms, exhibiting the pollutiohal characteristics 

outlined above for low pH waters. Depending on buffering

capacity, water may have a higher total acidity at pH values 

of 6.0 than other waters with a pH value of 4.0. 


Alkalinity is defined as the ability of a water to 

neutralize hydrogen ions. It is usually expressed as the 

calcium carbonate equivalent of the hydrogen ions 

neutralized. 


Alkalinity is commonly caused by the presence of carbonates,

bicarbonates, hydroxides, and to a lesser extent, by

borates, silicates, phosphates, and organic substances. 

Because of the nature of the chemicals causing alkalinity,

and the buffering capacity of carbon dioxide in water, very

high pH values are seldom found in natural waters. 


Excess alkalinity as exhibited in a high pH value may make 

water corrosive to certain metals, detrimental to most 

natural organic materials, and toxic to living organisms. 


Ammonia is more lethal with a higher pH. The lac.rima1fluid 
of the human eye has a pH of approximately 7.0, and a 
deviation of 0.1 pH unit from the norm may result in eye
irritation for the swimmer. Appreciable irritation will 
cause severe pain. 

, 




Total Suspended Solids 


Suspended solids include both organic and inorganic

materials. The inorganic compounds include sand, silt and 

clay. The organic fraction includes such materials as 

grease, oil, tar, and animal and vegetable waste products.

These solids may settle out rapidly, and bottom deposits are 

often a mixture of both organic and inorganic solids. 

Solids may be suspended in water for a time, and then settle 

to the bed of the stream or lake. These solids discharged

with man's wastes may be inert, slowly biodegradable

materials, or rapidly decomposable substances. While in 

suspension, they increase the turbidity of the water, reduce 

light penetration, and impair the photosynthetic activity of 

aquatic plants. 


Suspended solids in water interfere with many industrial 

processes, cause foaming in boilers and incrustations on 

equipment exposed to such water, especially as the 

temperature rises. They are undesirable in process water 

used in the manufacture of steel, in the textile industry,

in laundries, in dyeing, and in cooling systems. Solids in 

suspension are aesthetically displeasing. When they settle 

to -form sludge deposits on the stream or lake bed, they are 

often damaging to the life in water. Solids, when 

transformed to sludge deposits, may do a variety of damaging

things, including blanketing the stream or lake bed and 

thereby destroying the living spaces for those benthic 

organisms that would otherwise occupy the habitat. When of 

an organic nature, solids use a portion or all of the 

dissolved oxygen available in the area. Organic materials 

also serve as a food source for sludgeworms and associated 

organisms. 


Disregarding any toxic effect attributable to substances 

leached out by water, suspended solids may kill fish and 

shellfish by causing abrasive injuries and by clogging the 

gills and respiratory passages of various aquatic fauna. 

Indirectly, suspended solids are inimical to aquatic life 

because they screen out light, and they promote and maintain 

the development of noxious conditions through oxygen

depletion. This results in the killing of fish and fish 

food organisms. Suspended solids also reduce the 

recreational value of the water. 




Suspended solids are not normally a problem in this 

industry. However, suspended solids are generated during 

some recovery operations such as precipitation of silver 

sulfide and ferro/ferricyanides. These solids are sometimes 

recovered for recovery of silver or reuse, respectively. 


-11. POLLUTANT MATERIALS 

Ammonia {NH, )  

Ammonium compounds are used in the photoprocessing industry 
as constituents in some fix, bleach-fix, and stabilizer 
solutions. The ammonium ion can be present in these 
solutions at concentrations of 10 to 100 grams per liter and 
be present in the plant effluent in concentrations up to 150 
mg/l . 
Ammonia occurs in surface and ground waters as a result of 

the decomposition of nitrogenous organic matter. It is one 

of the constituents of the complex nitrogen cycle. It may

also result from the discharge of industrial wastes. 

Because ammonia may be indicative of pollution and because 

it increases the chlorine demand, it is recommended that 

ammonia nitrogen in public water supply sources not exceed 

0.5 mg/l. 


Ammonia exists in its non-ionized form only at higher pH
levels and is most toxic in this state. The lower the pH,
the more ionized ammonia is formed, and its toxicity
decreases. Ammonia, in the presence of dissolved oxygen, is 
converted to nitrate ( N O , )  by nitrifying bacteria. Nitrite 
(NO,), which is an intermediate product between ammonia and 
nitrate, sometimes occurs in quantity when depressed oxygen
conditions permit. Ammonia can exist in several other 
chemical combinations including ammonium chloride and other 
ammonia salts. 

Nitrates are considered to be among the objectionable

components of mineralized waters. Excess nitrates cause 

irritation to the gastrointestinal tract, causing diarrhea 

and diuresis. Methemoglobinemia, a condition characterized 

by cyanosis which can result in infant and animal deaths, 

can be caused by high nitrate concentrations in waters used 

for feeding. Evidence exists that ammonia exerts a toxic 

effect on all aquatic life depending upon the pH, dissolved 




oxygen level, and the total ammonia concentration in the 
water. A significant oxygen demand can result from the 
microbial oxidation of ammonia. Approximtely 4 . 5  grams of 
oxygen are required for every gram of ammonia that is 
oxidized. Ammonia can add to eutrophication problems by
supplying nitrogen to aquatic life. Ammonia can be toxic, 
exerts an oxygen demand, and contributes to eutrophication. 

Boron (B)Boron compounds, in the form of borates, are used 
in developers, bleaches, and fixers in concentrations up to 
one hundred grams per liter. After mixing of the various 
waste solutions, the amount of boron in the plant- effluent 
generally ranges from 1 to 10 mg/l. 

Never found in nature in its elemental form, boron occurs as 
sodium borate (borax) or as calcium borate (colemanite) in 
mineral deposits and natural waters of Southern California 
and Italy. Elemental boron is used in nuclear installations 
as a shielding material (neutron absorber). It is also used 
in metallurgy to harden other metals. 

Boric acid and boron salts are used extensively in industry

for such purposes as- weatherproofing wood, fireproofing

fabrics, manufacturing glass and porcelain, and producing

leather, carpets, cosmetics, and artificial gems. Boric 

acid is used as a bactericide and fungicide and boron, in 

the form of boron hydrides or borates, is used in high 

energy fuels. 


Boron is present in the ordinary human diet at 'about 10 to 
20 mg/day, with fruits and vegetables being the largest
contributors. In food or in water, it is rapidly and 
completely absorbed by the human system, but it is also 
promptly excreted in urine. Boron in drinking water is not 
generally regarded ,as a hazard to humans. It has been 
reported that boron concentrations u p  to 30 mg/l are not 
harmful . 

Bromide (Br) 


Bromides are derived from hydrobromic acid (HBr). Bromide 

properties are similar to those of chlorides and iodides. 

Bromides are usually produced from bromine, which in turn is 

obtained from salt brines or sea water. 




Bromides are used in medicine as sedatives in the treatment 

of nervous disorders. Silver bromide is used in 

photographic films and paper, and bromi.de compounds are 

present in the formulations of bleaches. 


I 


Cadmium (Cd) 


Cadmium occurs in some, but not all photoprocessing

facilities, because it is an ingredient in some sensitized 

products. The cadmium compounds are at least partially

removed during the development portion of the process and 

are primarily found in the waste developer. 


Cadmium is a relatively rare element that is seldom found in 
sufficient quantities in a pure state to warrant mining or 
extraction from the earth's surface. It is found in trace 
amounts of about 1 ppm throughout the earth's crust. 
Cadmium is, however, a valuable by-product of zinc 
production. 

Cadmium is used primarily as a metal plating material and 
can be found as an impurity in the secondary refining of 
zinc, lead, and copper. Cadmium is also used in the 
manufacture of primary and storage batteries and as a 
neutron adsorber in nuclear reactors. Other uses of cadmium 
are in the production of pigments, phosphors,
semi-conductors, electrical conductors, and special purpose
low temperature alloys. 

Cadmium is an extremely dangerous cumulative toxicant,

causing insidious progressive chronic poisoning in mammals,

fish, and probably other anima.lsbecause the metal is not 

excreted. Cadmium could form organic compounds which might

lead to mutagenic or teratogenic effects. Cadmium is known 

to have marked acute and chronic effects on aquatic

organisms also. 


Toxic effects of cadmium on man have been reported from 
throughout the world. Cadmium is normally ingested by
humans through food and water and also by breathing air 
contaminated by cadmium. Cadmium in drinking water supplies
is extremely hazardous to humans, and conventional 
treatment, as practiced in the United States, does not 
remove it. Cadmium is cumulative in the liver, kidney, 
pancreas, and thyroid of humans and other animals. A severe 



bone and kidney syndrome in Japan has been associated with 

the ingestion of as little as 600 rg/day of cadmium. The 

allowable cadmium concentration in drinking water is set as 

low as 0.01 mg/l in the U.S. and as high as 0.10 mg/l in 

Russia. 


Cadmium acts synergistically with other metals. Copper and 
zinc substantially increase its toxicity. Cadmium is 
concentrated by marine organisms, particularly mollusks 
which accumulate cadmium in calcareous tissues and in the 
viscera. A concentration factor of 1,000 for cadmium in 
fish muscle has been reported, as have concentration factors 
of 3,000 in marine plants, and up to 29,600 in certain 
marine animals. The eggs and larvae of fish are apparently 
more sensitive than adult fish to poisoning by cadmium, and 
crustaceans appear to be more sensitive than fish eggs and 
larvae. 

Chlorides 


Chlorides are found in practically all natural waters. They 
may be: (a) of natural mineral origin or derived from a 
sea-water contamination of underground supplies, (b) salts 
spread on fields for agricultural purposes, (c) human or 
animal sewage, or ( d )  industrial effluents, such as those 
from paper works, galvanizing plants, water softening
plants, oil wells, and petroleum refineries. 

The human tolerance for chlorides varies with climate and 
exertion. Chlorides lost through perspiration are replaced
by chlorides in either the diet or drinking water. From hot 
dry  areas, there are reports that chloride concentrations up 
to almost 900 mg/l have not been harmful. Chloride 
concentrations of 1,500 mg/l are reported to be safe for 
cattle, sheep, swine and chickens. Also, 2,000 mg/l of 
chloride has been reported as not harmful to some fish. 

Because of their non-toxic nature, chlorides are not 

selected as a pollutant parameter requiring the 

establishment of a limitation. 


Chromium (Cr) 


Sodium and potassium dichromate are principal constituents 

of certain bleaches used primarily in the color movie print 




film process. These compounds in Combination with bromide 
ions oxidize the developed silver to silver bromide. A 
dichromate bleach may also be used in the black and white 
reversal process. Again, the primary application for this 
process is in the movie industry. 

Chromium is an elemental metal usually found as a chromite 

(FeCr,O,). The metal is normally processed by reducing the 

oxide with aluminum. Chromium and its compounds are used 

extensively throughout industry. It is used to harden steel 

and as an ingredient in other useful alloys. Chromium is 

also used in the electroplating industry as an ornamental 

and corrosion resistant plating on steel and can be used in 

pigments and as a pickling acid (chromic acid). It is used 

in certain chromate bleaches in the photographic processing

industry. 


The two most prevalent chromium forms found in industry

wastewaters are hexavalent and trivalent chromium. 

Dichromate compounds used in the photographic processing

industry are hexavalent chromium compounds which are 

partially reduced to the trivalent form during use. 

Chromium can exist as either trivalent or hexavalent 

compounds in raw waste streams, although most of the 

hexavalent chromium is reduced to the trivalent form when 

mixed with other photographic processing wastes,

particularly sulfites and thiosulfates. Hexavalent chromium 

treatment involves reduction to the trivalent form prior to 

removal of chromium from the waste stream'as a hydroxide

precipitate. 


Chromium, in its various valence states, is hazardous to 

man. It can produce lung tumors when inhaled and induces 

skin sensitizations. Large doses of chromates have 

corrosive effects on the intestinal tract and can cause 

inflammation of the kidneys. Levels of chromate ions that 

have no effect on man appear to be so low as to prohibit

determination to date. The recommendation for public water 

supplies is that such supplies contain no more than 0.05 

mg/l total chromium. 


THe toxicity of chromium salts to fish and other aquatic

life varies widely with the species, temperature, pH,

valence of the chromium and synergistic or antagonistic

effects, especially those of hard water. Studies have shown 




that trivalent chromium is more toxic to fish of some types

than hexavalent chromium. Other studies have shown opposite

effects. Fish food organisms and other lower forms of 

aquatic life are extremely sensitive to chromium, and it 

also inhibits the growth of algae. Therefore, both 

hexavalent and trivalent chromium must be considered harmful 

to particular fish or organisms. 


Chromium is not destroyed when treated by a POTW (although
the oxidation state may change), and either passes through
to the POTW effluent or is incorporated into the POTW 
sludge. Both oxidation states can cause POTW treatment 
inhibition and can also limit the usefulness of municipal
sludge. Hexavalent and trivalent chromium both cause toxic 
effects in a wide variety of organisms including aquatic
species and humans. Chromium which passes through a POTW 
becomes a potential drinking and bathing water contaminant. 
Hexavalent chromium is a known human carcinogen, and is 
generally the more toxic of the two oxidation states. As a 
result of these considerations, chromium pretreatment
standards must be the same as discharge limitations for 
direct discharge. 

Cyanide (CN) 


Cyanide is a compound that is widely used in industry

primarily as sodium cyanide (NaCN) or hydrocyanic acid 

IHCN). The major use of cyanides is in the electroplating

industry where cyanide baths are used to hold ions such as 

zinc and cadmium in solution. Cyanides in various compounds 

are also used in steel plants, chemical plants, textile 

dyeing, and ore processing. 


Cyanides in the form of an iron-cyanide complex are used in 

the photographic processing industry. This complex, usually

sodium or potassium ferricyanide, is a major constituent of 

a commonly used color bleach which oxidizes the metallic 

silver image to a silver halide. During the process a 

portion of the ferricyanide ions is reduced to ferrocyanide,

and the waste bleach contains a mixture of ferri­

ferrocyanide (hexacyanoferrate) ions. 


The hexacyanoferrate ions exhibit a low order of toxicity to 

aquatic species. Acute static bioassay tests performed by

exposing fathead minnows (Pimephalespromelas) to various 




concentrations of the ferrocyanide ion resulted in a 96-hour 
LCs, value of greater than 100 ppm. (The 96-hour LC,, value 
is the chemical concentration that will cause a 50  percent
mortality of the test species after the 96-hour exposure.)
Similar tests with lower forms of aquatic life did show 
greater sensitivity, i.e., 96-hour LCso values of 0.1 to 1 
ppm for crustaceans (Daphnia magna) and algae growth was 
inhibited at ferrocyanide concentrations of 1 to 10 pprn. It 
has been shown that the hexacyanoferrate ions are 
photochemically active and readily release the cyanide ion 
with sunlight exposure. Bioassay tests with 8,000 foot 
candles of simulated sunlight resulted in 50 percent minnow 
fatalities in about five hours at a 100 ppm ferrocyanide
concentration. This photochemical effect is of concern for 
those facilities which use ferricyanide bleach and discharge
the wastewater directly to surface waters. 

The large majority of photoprocessing facilities discharge

to POTW's. Laboratory and on-site treatment plant tests 

have shown that the hexacyanoferrate ions cause no adverse 

effects on the biomass and are resistant to biological

degradation. The treatment plant removal efficiency was 

reported to be greater than 60 percent. The

hexacyanoferrate ions are probably precipitated in the 

presence of iron, zinc, or calcium ions and are combined 

with the waste sludge. 


Land disposal is a common disposal method for POTW sludges.

The fate of the hexacyanoferrates under land disposal

conditions has been evaluated with leachate tests in the 

laboratory. Such tests were performed using several soil 

types and several test sludges ranging in total cyanide

content from 9 to 37,000 mg/kg (dry basis). Evaluation of 

the elutriate showed no release, and column tests showed 

that the hexacyanoferrates were released from the sludge in 

particulate form and were bound within the soil by

adsorption and filtration. 


Of all the cyanides, hydrogen cyanide (HCN) is probably the 
most acutely lethal compound. HCN dissociates in water to 
hydrogen ions and cyanide ions in a pH dependent reaction. 
The cyanide ion is less acutely lethal than HCN. The 
relationship of pH to HCN shows that as the pH is lowered to 
below 7, there is less than 1 percent of the cyanide
molecules in the form of the CN ion and the rest is present 



as HCN. When the pH is increased to 8, 9, and 10, the 
percentage of cyanide present as CN ion is 6.7, 4 2  and 87 
percent, respectively. The toxicity of cyanides is also 
increased by increases in temperature and reductions in 
oxygen tensions. A temperature rise of lOOC produced a two 
to threefold increase in the rate of the lethal action of 
cyanide. 

In the body, the CN ion, except for a small portion exhaled,
is rapidly changed into a relatively non-toxic complex
(thiocyanate) in the liver and eliminated in the urine. 
There is no evidence that the CN ion is stored in the body.
The safe ingested limit of cyanide has been estimated at 
something less than 18  mg/day, part of which comes from 
normal environment and industrial exposure. The average
fatal dose of HCN by ingestion by man is 50 to 60 mg. It 
has been recommended that a limit of 0.2 mg/l cyanide not be 
exceeded in public water supply sources. 

The harmful effects of the cyanides on aquatic life are 
affected by the pH, temperature, dissolved oxygen content,
and the concentration of minerals in the water. The 
biochemical degradation of cyanide is not affected by
temperature in the range of l O O C  to 35OC while the toxicity
of HCN is increased at higher temperatures. 

On lower forms of life and organisms, cyanide does not seem 
to be as toxic as it is toward fish. The organisms that 
digest BOD were found to be inhibited at 1.0 mg/l and at 60 
mg/l although the effect is more one of delay in exertion of 
BOD than total reduction. 

Dissolved Solids 


In natural waters, the dissolved solids are mainly

carbonates, chlorides, sulfates, phosphates, and to a lesser 

extent, nitrates of calcium, magnesium, sodium, and 

potassium, with traces of iron, manganese, and other 

substances. The summation of all individual dissolved 

solids is commonly referred to as total dissolved solids. 


Many communities in the United States and in other countries 

use water supplies containing 2,000 to 4,000 mg/l of 

dissolved salts, when no better water is available. Such 

waters are not palatable, may not quench thirst, and may 




have a laxative action on new users. Waters containing more 

than 4,000 mg/l of total salts are generally considered 

unfit for human use, although in hot climates such higher

salt concentrations can be tolerated. Waters containing

5,000 mg/l or more are reported to be bitter and act as a 

bladder and intestinal irritant. It is generally agreed

that the salt concentration of good, palatable water should 

not exceed 500 mg/l. 


Limiting concentrations of dissolved solids for fresh-water 
fish may range from 5,000 to 10,000 mg/l, depending on 
species and prior acclimatization. Some fish are adapted to 
living in more saline waters, and a few species of 
fresh-water forms have been found in natural waters with a 
salt concentration of 15,000 to 20,000 mg/l. Fish can 
slowly become acclimatized to higher salinities, but fish in 
waters of low salinity cannot survive sudden exposure to 
high salinities, such as those resulting from discharges of 
oil well brines. Dissolved solids may influence the 
toxicity of heavy metals and organic compounds to fish and 
other aquatic life, primarily because of the antagonistic
effect of hardness on metals. 

Waters with total dissolved solids (TDS) concentrations 

higher than 500 mg/l have decreasing utility as irrigation

water. At 5,000 mg/l, water has little or no value for 

irrigakien. 


Dissolved solids in industrial water uses can cause foaming

in boilers and can cause interferences with cleanliness,

color, or taste of many finished products. High

concentrations of dissolved solids also tend to accelerate 

corrosion. Most of the solids present in photoprocessing

wastewater are dissolved. 


Specific conductance is a measure of the capacity of water 

to convey an electric current. This property is related to 

the total concentration of ionized substances in water and 

to the water temperature. This property is frequently used 

as a substitute method of quickly estimating the dissolved 

solids concentration. 




Iron is an abundant metal found in the earth's crust. The 

most common iron ore is hematite from which iron is obtained 

by reduction with carbon. Other forms of commercial ores 

are magnetite and taconite. Pure iron is not often found in 

commercial use, but it is usually alloyed with other metals 

and minerals, the most common being carbon. 


Iron is the basic element in the production of steel and 

steel alloys. Iron with carbon is used for casting of major

parts of machines, and it can be machined, cast, formed, and 

welded. Ferrous iron is used in paints, while powdered iron 

can be sintered and used in powder metallurgy. Iron 

compounds are also used to precipitate other metals and 

undesirable minerals from industrial wastewater streams. 

The dissolved iron present in photoprocessing wastewaters 

comes from two sources. Iron compounds are used as 

bleaches, and iron is added to wastewater by metallic 

replacement silver recovery processes. 


Iron is chemically reactive and corrodes rapidly in the 

presence of moist air and at elevated temperatures. In 

water and in the presence of oxygen, the resulting products

of iron corrosion may be pollutants in water. Natural 

pollution occurs from the leaching of soluble iron salts 

from soil and rocks and is increased by industrial 

wastewater from pickling baths and other solutions 

containing iron salts. 


Corrosion products of iron in water cause staining of 

porcelain fixtures, and ferric iron combines with the tannin 

to produce a dark violet color. The presence of excessive 

iron in water discourages cows from drinking and, thus,

reduces milk production. High concentrations of ferric and 

ferrous ions in water kill most fish introduced to the 

solution within a few hours. The killing action is 

attributed to coatings of iron hydroxide precipitates on the 

gills. Iron oxidizing bacteria are dependent on iron in 

water for growth. These bacteria form slimes that can 

affect the aesthetic values of bodies of water and cause 

stoppage of flows in pipes. 


Iron is an essential nutrient and micronutrient for all 

forms of growth. Drinking water standards in the U.S. have 




set a recommended limit of 0.3 mg/l of iron in domestic 

not the
water supplies basedrather on aestheticphysiological
considerations, but on and taste 


considerations of iron in water. 


Lead (Pb) 


Lead is used in various solid forms both as a pure metal and 
in several compounds. Lead appears in some natural waters,
especially in those areas where mountain limestone and 
galena are found. Lead can also be introduced into water 
from lead pipes by the action of the water on the lead. 
Lead is n o t  knowingly added to process wastewater in this 
industry. 

Lead is a toxic material that is foreign to humans and 

animals, The most common form of lead poisoning is called 

plumbism. Lead can be introduced into the body from the 

atmosphere containing lead or from food and water. Lead 

cannot be easily excreted and is cumulative in the body over 

long periods of time, eventually causing lead poisoning with 

the ingestion of an excess of 0.6 mg per day over a period

of years. It has been recommended that 0.05 mg/l lead not 

be exceeded in public water supply sources. 


Chronic lead poisoning has occurred among animals at levels 
of 0.18 mg/l of lead in soft water and by concentrations 
under 2 . 4  mg/l in hard water. Farm animals are poisoned by
lead more frequently than any other poison. Sources of this 
occurrence include paint and water with the lead in solution 
as well as in suspension. Each year thousands of wild water 
fowl are poisoned from lead shot that is discharged over 
feeding areas and ingested by the water fowl. The bacterial 
decomposition of organic matter is inhibited by lead at 
levels of 0.T to 0.5 mg/l. 

Fish and other marine life have had adverse effects from 

lead and salts in their environment. Experiments have shown 

that small concentrations of heavy metals, especially of 

lead, have caused a film of coagulated mucus to form first 

over the gills and then over the entire body probably

causing suffocation of the fish. Toxicity of lead is 

increased with a reduction of dissolved oxygen concentration 

in the water. 




Phenols 


Phenols, defined as hydroxy derivatives of benzene and its 

condensed nuclei, may occur in domestic and industrial 

wastewater and in drinking water supplies. Chlorination of 

such waters can produce odoriferous and objectionable

tasting chlorophenols. 


Although described in the technical literature simply as 

phenols, the phenol waste category can include a wide range

of similar chemical compounds. In terms of pollution

control, reported concentrations of phenols are the result 

of a standard methodology which measures a general group of 

similar compounds rather than being based upon specific

identification of the single compound, phenol (hydroxy­

benzene). Some of the compounds used in photoprocessing

which might be identified as phenols will not respond to 

standard analytical tests for phenols and do not impart

taste to water after chlorination. 


Phenols are used in some cutting oils and in the molding of 

plastics. Cutting fluids can contain phenolic compounds

since these materials are normal constituents of hydrocarbon

mixtures. In addition, phenolic compounds are added to oils 

as preservatives or for odor control. They also are found 

in the wastewaters from the petroleum industry and from 

certain products of the organic chemical industry. 


Phenolic compounds may adversely affect fish in two ways:
first, by a direct toxic action, and second, by imparting a 
taste to the fish flesh. The toxicity of phenol towards 
fish increases as the dissolved oxygen level is diminished, 
as the temperature is raised, and as the hardness is 
lessened. Phenol appears to act as a nerve poison causing
too much blood to get to the gills and to the heart cavity
and is reported to have a toxic threshold of 0.1-15 mg/l. 

Mixed phenolic substances appear to be especially

troublesome in imparting taste to fish flesh. Chlorophenol

produces a bad taste in fish far below lethal or toxic 

doses. Threshold concentrations for taste or odor in 

chlorinated water supplies have been reported as low as 

0.00001-0.001 mg/l. Phenols in concentrations of only one 

part per billion have been known to affect water supplies. 
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The ingestion of concentrated solutions of phenol by humans 
results in severe pain, renal irritation, shock, and 
possibly death. A total dose of 1 . 5  grams may be fatal. 
Phenols can be metabolized and oxidized in waste treatment 
facilities containing organisms. acclimated to the phenol
concentration in the wastes. 

Silver (Ag) 


The emulsion on photographic film and paper 'containsas a 
principal ingredient various silver halides which form or 
assist in the formation of the photographic image. During
processing a portion (black and white materials) or all 
(color materials) of the silver is removed from the emulsion 
by the fix solution. A principal constituent of the fix 
solution is the thiosulfate ion which forms a complex with 
silver. The silver thiosulfate complex is stable (it has a 
dissociation constant of 3.5 x lO-'4) and non-toxic to fish 
(bioassay test showed no effect on fathead minnows after 96 
hours of exposure to the silver thiosulfate complex at 
concentrations up to 50 mg/l as silver). 

Since the large majority of the photoprocessing industry

discharges to POTW's, the major concern is the fate of the 

complex after secondary treatment. Studies have shown that 

the secondary treatment microorganisms convert the complex

to silver sulfide and some metallic silver, most of which is 

removed from the wastewater stream by settling. The portion

that remains with the wastewater exists as colloidal 

suspensions of silver sulfide and silver and a small 

fraction of soluble ionic silver. Silver sulfide is 

insoluble under normal environmental conditions. Bioassay

tests have shown it to be non-toxic to fathead minnows. 

Dynamic 96-hour LCso tests for silver sulfide showed no 

fatalities at a max'imum total silver concentration of 250 
PPm 
The silver sulfide and silver that settles is removed from 
the treatment plant as a constituent of the sludge. Land 
disposal by landspreading or 1andfill.ing is a common 
disposal method �or POTW sludges. Laboratory leachate 
testing on test sludges containing silver in concentrations 
from 19 to 83,000 mg/kg (dry) showed no release of silver to 
the elutriate. Column tests indicated that the silver was 
effectively bound by the various soil types. 



Silver is a soft, lustrous white metal that is insoluble in 

water and alkali. It is readily ionized by electrolysis and 

has a particular affinity for sulfur and halogen elements. 

In nature, silver is found in the elemental state and 

combined in ores such as argentite (Ag,S), horn silver 

(AgCl), proustite (Ag,AsS,), and pyrargyrite (Ag,SbS,). 


From these ores, silver ions may be leached into ground

waters and surface waters, but since many silver salts such 

as the chloride, sulfide, phosphate, and arsenate are 

insoluble, silver ions do not usually occur in significant

concentration in natural waters. 


Silver is used extensively in electroplating, photographic

supplies manufacture, electrical equipment manufacture,

soldering and brazing, and battery manufacture. Of these,

the two major sources of silver wastes are the photographic

and electroplating industries with about 30 percent of U.S. 

industrial consumption of silver going into the photographic

industry. Silver is also used in its basic metal state for 

such items as jewelry and electrical contacts. 


Silver compounds can be absorbed in the circulatory system
and reduced silver deposited in the various tissues of the 
body. A condition known as argyria, a permanent greyish
pigmentation of the skin and mucous membranes, can result. 
Concentrations in the range of 0.4-1 mg/l have caused 
pathologic changes in the kidneys, liver and spleen of rats. 

Silver is recognized as a bactericide, and doses as low as 

0.000001 to 0.5 mg/l have been reported as sufficient to 

sterilize water. 


Sulfates 


Sulfates occur naturally in waters, particularly in the 

western United States, as a result of leachings from gypsum

and other common materials. They also occur as the final 

oxidized state of sulfides, sulfites, and thiosulfates. 

Sulfates may also be present as the oxidized state of 

organic matter in the sulfur cycle, but they in turn may 

serve as sources of energy for sulfate splitting bacteria. 

Sulfates may also be discharged in numerous industrial 

wastes, such as those from tanneries, sulfate-pulp mills,

textile mills, and other plants that use sulfates or 




sulfuric acid. Thiosulfates occur in photgprocessing
wastewater as part.of the fix. 

In moderate concentrations, sulfates are not harmful, and it 
has been reported that concentrations u p  to 1,000 mg/l are 
harmless. Irrigation concentrations less than 336 mg/l are 
considered to be good to excellent. 

Because of their relatively harmless nature, sulfates are 

not selected as a pollutant parameter requiring the 

establishment of a limitation. 


Oxyqen Demand (BOD, COD, and TOC) 
Oxvqen Demand 


Organic and some inorganic compounds can cause an oxygen
demand to be exerted in a receiving body of water. 
Indigenous microorganisms utilize the organic wastes as an 
energy source and oxidize the organic matter. In doing so 
their natural respiratory activity will utilize the 
dissolved oxygen. 

Dissolved oxygen (DO) in water is a quality that, in 

appropriate concentrations, is essential not only to keep

organisms living but also to sustain species reproduction,

vigor, and the development of populations. Organisms
undergo stress at reduced DO Concentrations that makes them 
less competitive and less able to sustain their species
within the aquatic .environment. For example, reduced DO 
concentrations have been shown to interfere with fish 
population through delayed hatching of eggs, reduced size 
and vigor of embryos, production of deformities in young,
interference with food digestion, acceleration of blood 
clotting, decreased tolerance to certain toxicants, reduced 
food utilization efficiency, growth rate, and maximum 
sustained swimming speed. Other organisms are likewise 
affected adversely during conditions of decreased DO. Since 
all aerobic aquatic organisms need a certain amount of 
oxygen, the consequences of total depletion of dissolved 
oxygen due to a high oxygen demand can kill all the 
inhabitants of the affected aquatic area. 

It has been shown that fish may, under some natural 

conditions, become acclimatized to low oxygen 




concentrations. Within certain limits, fish can adjust

their rate of respiration to compensate for changes in the 

concentration of dissolved oxygen. It is generally agreed, 

moreover, that those species which are sluggish in movement 

(e.g., carp, pike, eel) can withstand lower oxygen

concentrations than fish which are more lively in habit 

(such as trout or salmon). 


-Thelethal effect of low concentrations of dissolved oxygen
in water appears to be increased by the presence of toxic 
substances, such as ammonia, cyanides, zinc, lead, copper, 
or cresols. With so many factors influencing the effect of 
oxygen deficiency, it is difficult to estimate the minimum 
safe concentrations at which fish will be unharmed under 
natural conditions. Many investigations seem to indicate 
that a DO level of 5 . 0  mg/l is desirable for a good aquatic
environment and higher DO levels are required for selected 
types of aquatic environments. 

Biochemical oxyqen demand is the quantity of oxygen required

for the biological and chemical oxidation of waterborne 

substances under ambient or test conditions. Materials 

which may contribute to the BOD 'include: carbonaceous 

organic materials usable as a food-source by aerobic 

organisms; oxidizable nitrogen derived from nitrites,

ammonia, and organic nitrogen compounds which serve as food 

for specific bacteria; and certain chemically oxidizable 

materials such as ferrous iron, sulfides, and sulfite which 

will react with dissolved oxygen or which are metabolized by

bacteria. In most industrial and municipal wastewaters, the 

BOD derives principally from organic materials and from 

ammonia (which is itself derived from animal or vegetable

matter). 


The BOD of a waste exerts an adverse effect upon the 
dissolved oxygen resources of a body of water by reducing
the oxygen available to fish, plant life, and other aquatic
species. Conditions can be reached where all of the 
dissolved oxygen in the water is utilized resulting in 
anaerobic conditions and the production of undesirable gases
such as hydrogen sulfide and methane. The reduction of 
dissolved oxygen can be detrimental to fish populations,
fish growth rate, and organisms used as fish food. A total 
lack of oxygen due to the exertion of an excessive BOD can 
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result in the death of a l l  aerobic aquatic inhabitants in 
the affected area. 

Water with a high BOD indicates the presence of decomposing
organic matter and associated increased bacteria1 
concentrations that degrade its quality and potential uses. 
A by-product of high BOD concentrations can be increased 
algal concentrations and blooms which result from 
decomposition of the organic matter and which form the basis 
of algal populations. 

The BOD, (5-day BOD) test is used widely to estimate the 
pollutional strength of domestic and industrial wastes in 
terms of the oxygen that they will require if discharged
into receiving streams. The test is an important one in 
water pollution control activities. It is used for 
pollution control regulatory activities, to evaluate the 
designs and efficiencies of wastewater treatment works, and 
to indicate the state of purification or pollution of 
receiving bodies of water. 

Complete biochemical oxidation of a given waste may require 
a period of incubation too long for practical analytical
test purposes. For this reason, the 5-day period has been 
accepted as standard, and the test results have been 
designated as BOD,. Specific chemical test methods are not 
readily available for measuring the quantity of many
degradable substances and their reaction products. Reliance 
in such cases is placed on the collective parameter, BOD,,
which measures the weight of dissolved oxygen utilized by
microorganisms as they oxidize or transform the gross
mixture of chemical compounds in the wastewater. The 
biochemical reactions involved in the oxidation of carbon 
compounds are related to the period of incubation. The 
five-day BOD normally measures only 60 to 80 percent of the 
carbonaceous biochemical oxygen demand of the sample, and 
for many purposes this is a reasonable parameter.
Additionally, it can be used to estimate the gross quantity
of oxidizable organic matter. 

The BOD, test is essentially a bioassay procedure which 
provides an estimate of the oxygen consumed by
microorganisms utilizing the degradable matter present in a 
waste under conditions that are representative of those that 
are likely to occur in nature. Standard.conditions of time, 
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temperature, suggested microbial seed, and dilution water 

for the wastes have been defined and are incorporated in the 

standard analytical procedure. Through the use of this 

procedure, the oxygen demand of diverse wastes can be 

compared and evaluated for pollution potential and to some 

extent for treatability by biological treatment processes. 


Because the BOD test is a bioassay procedure, it is 

important that the environmental conditions of the test be 

suitable for the microorganisms to function in an 

uninhibited manner at all times. This means that toxic 

substances must be absent and that the necessary nutrients,

such as nitrogen, phosphorus; and trace elements, must be 

present. 


Chemical Oxyqen Demand (COD) 

Chemical oxygen demand is a purely chemical oxidation test 

devised as an alternate method of estimating the total 

oxygen demand of a wastewater. Since the method relies on 

the oxidation-reduction system of chemical analyses rather 

than on biological factors, it is more precise, accurate,

and rapid than the BOD test. The COD test is widely used to 

estimate the total oxygen demand'(ultimate rather than 5-day

BOD) to oxidize the compounds in a wastewater. It is based 

on the fact that organic compounds, with a few exceptions, 

can be oxidized by strong chemical oxidizing agents under 

acid conditions with the assistance of certain inorganic

catalysts. 


The COD test measures the oxygen demand of compounds that 
are biologically degradable and of many that are not. 
Pollutants which are measured by the BOD, test will be 
measured by the COD test. In addition, pollutants which are 
more resistant to biological oxidation will also be measured 
as COD. COD is a more inclusive measure of oxygen demand 
than is BOD, and will result in higher oxygen demand values 
than will the BOD, test. 

The compounds which are more resistant to biological

oxidation are becoming of greater and greater concern not 

only because of their slow but continuing oxygen demand on 

the resources of the receiving water, but also because of 

their potential health effects on aquatic life and humans. 

Many of these compounds result from industrial discharges 




and some have been found to have carcinogenic, mutagenic and 
similar adverse effects, either singly or in combination. 
Concern about these compounds has increased as a result of 
demonstrations that their long life in receiving water - the 
result of a slow biochemical oxidation rate - allows them to 
contaminate downstream water intakes. The commonly used 
systems of water purification are not effective in removing

these types of materials, and disinfection such as 

chlorination may convert them into even more hazardous 

materials. 


Thus the COD test measures organic matter which exerts an 
oxygen demand and which may affect the health of the public.
It is a useful analytical tool for pollution control 
activities. It provides a more rapid measurement of the 
oxygen demand and an estimate of organic compounds which are 
not measured in the BODS test. 

Total organic carbon (TOC) is measured by the catalytic
conversion of organic carbon in a wastewater to carbon 
dioxide. Most organic chemicals have been found to be 
measured quantitatively by the equipment now in use. The 
time of analyses is short, from 5 to 1 0  minutes, permitting 
a rapid and accurate estimate of the organic carbon content 
of the wastewaters to be made by relatively unskilled 
personnel. 

A TOC value does not indicate the rate at which the carbon 
compounds are oxidized in the natural environment. The TOC 
test will measure compounds that are readily biodegradable
and measured by the BOD, test as well as those that are not. 
TOC analyses will include those biologically resistant 
organic compounds that are of concern in the environment. 
BOD and COD methods of analyses are based on oxygen
utilization of the wastewater. The TOC analyses estimate 
the total carbon content of a wastewater. There is as yet 
no fundamental correlation of TOC to either BOD or COD. 
However, where organic laden wastewaters are fairly uniform,
there will be a fairly constant correlation among TOC, BOD 
and COD. Once such a correlation is established, TOC can be 
used as an inexpensive test for routine process monitoring. 



SECTION VI1 


CONTROL AND TREATMENT TECHNOLOGIES 


Thus far, the Photoprocessing Industry has been 

characterized with regard to processes used, water use, 

wastes generated, pollutants of concern, in-process control 

technologies used, end-of-pipe treatment technologies

employed, effluent quality, and wastewater discharge

destinations. This section discusses the extent to which 

the current use of in-process controls and end-of-pipe

treatments by this industry reduces pollutant discharge.

Other technologies that are either being considered or are 

possibly applicable for the treatment of wastewater 

generated by photoprocessors are also discussed. 


IN-PROCESS CONTROL TECHNOLOGIES 


The control technologies employed by the photoprocessing

industry are described in detail in Section I11 of this 

document. These consist of process modifications to reduce 

discharge of expensive materials such as silver and complex

cyanide salts. Although these practices are used primarily

for resource recovery, their use results in a secondary

benefit of reducing the pollutant load in process

wastewater. 


-Reqeneration ProcessesRecovery and 


An estimate of the extent of use of some in-process controls 

and treatments currently used in the industry is shown in 

Table VII-1. 


As shown in Table VII-1, most of the facilities in the four 
largest size categories recover silver and regenerate
ferricyanide bleach. It is also estimated that a similar 
proportion of the facilities regenerate their ferric EDTA 
bleach and bleach-fix. Recovery of silver from wash water 
using ion exchange or reverse osmosis is practiced by only a 
relatively small number of the larger facilities. An even 
smaller number of facilities regenerate other solutions such 
as developers and prewashes. Most facilities which process 
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color reversal (DC) film recover and reuse color couplers

from the developers. The following sections give brief 

accounts of both bleach regeneration and silver recovery

techniques in current use and present information on their 

capability of reducing wastewater loadings. Developer

regeneration and coupler recovery result in potential

reduction of TOC in the raw waste. For those plants

processing color paper containing cadmium compounds,

developer regeneration also has the potential �or reduction 

of cadmium in the raw waste. Insufficient data are 

available to quantify this reduction. 


Bleach Regeneration 


Bleach regeneration is used in the industry to reprocess

ferricyanide bleach, EDTA bleach and bleach-fixes. The 

environmental benefits of using these techniques are 

discussed below. 


Tables VII-2 through VII-4 show the environmental benefits 

of ferricyanide bleach regeneration and summarize the 

combined data obtained during the study. The data presented

in these tables and the succeeding tables in this section 

have been extracted from the data tables in Section V and 

grouped according to the indicated plant characteristics. 

Some of the plants, for which cyanide values are given in 

the Section V effluent data tables, are not included in 

Tables VSI-2 through VII-4. The available information from 

the plants not included was insufficient to allow a 

determination of the particular bleach treatment category.

The production normalized total cyanide values reported are 

based on the areas of product processed with ferricyanide

bleaches. These data are plotted as a cumulative 

distribution in Figures VII-1 through VII-3. Cumulative 

distribution plots are used here to show trends or grouping

of data. Sudden changes in slope or discontinuities in the 

data displayed in such a plot indicate that the’data groups 

may belong to different populations. 


Considerably lower total cyanide effluent levels result from 
the use of regeneration methods. An additional benefit 
results in the treatment of the waste fix by ferrous sulfate 
(FeS04) precipitation as shown in Table VII-4. It should be 
noted that the fix waste is treated and discharged in 
batches at the listed plants. The plant effluents 



represented in Table VII-4 do not contain any treated waste 
f i x  batches. However, data taken from plant 4550's fix 
blowdown indicate that the treated waste contributes 0.9 
percent of the total cyanide waste load. The processing and 
controls used in all plants listed in the table are 
comparable to 4550. 

EDTA based bleach fixes are also regenerated within the 

industry. The benefits here are similar to those described 

earlier for the ferricyanide bleaches (i.e., a reduction of 

pollutant raw waste loading and a saving of processing raw 

materials). 


Dichromate based bleaches are not regenerated as such in 

this industry. Some plants reconstitute waste dichromate 

bleach by discharging about 50 percent of the waste and 

reconstitute the remainder by chemical addition. 


TABLE VII-2 

Total Cyanide Content in Plant Effluent of Plants 

Using Ferricyanide Bleach with No Regeneration 


Plant 


0201 

0204 

0205 

0210 

0218 

0229 


Total cyanide load,

kq/1,000 sq rn (lb/1,000 sq ft) 


8.3 (1.7)

23 (4.8)

48 (9.8)

21 (4.3)

13 (2.6)

18 (3.6) 


Av = 22 (4.5) 



TABLE VII-3 

Total Cyanide Content in Effluent of Plants 


Using Ferricyanide Bleach Regeneration 


Plant 


0215 

0223 

1465 

2714 

6208:' 

8226" 


Total cyanide load, 

kq/1,000 sq m (lb/1,000 sq ft) 


4.4 (0.90)

7.3 (1.5)

7.3 (1.5)

8.3 (1.7)

0.78 (0.16)

0.63 (0.13) 


Av = 4.8 (0.98) 

* These plants are movie labs. Plant 6208 uses 
"replenish on demand" system for ferricyanide
bleaches. 

TABLE VII-4 

Total Cyanide Content in Effluent of Plants Using


Ferricyanide Bleach Regeneration plus FeSO,

Precipitation Treatment on Waste Fix 


Plant
-

0232 

0233 

0234 

0235 

0236 

0237 

2465 

2488 

3437 

4228 

4550 

4666 

5552 

6726 


Amount, 

kq/l,000 sq m 


1.3 (0.26)

0.59 (0.12)

2.6 (0.53)

1.4 (0.28)

0.59 (0.12)

1.4 (0.28)

1.0 (0.21)

0.39 (0.08)

0.26 (0.054)

1.4 (0.28)

0.54 (0.11)

1.7 (0.34)

1.9 (0.39)

0.76 (0.16) 


Av = 1 . 1  (0.23) 

vy-5  

(lb/1,000 sq ft) 
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Silver Recovery 


There are at least five methods in current use for recovery

of silver from photographic processing solutions. These are 

metallic replacement, electrolytic plating, ion exchange, 

reverse osmosis, and chemical precipitation. 


Tables VII-5 through VII-7 display the environmental 

benefits of silver recovery and summarize the information 

obtained. Some of the plants, for which silver values are 

given in the Section V effluent data tables, are not 

included in Tables VII-5 through VII-7. The available 

information from these plants was insufficient to allow a 

determination of the particular silver recovery category.

The production normalized total silver values reported are 

based on the area of all material processed. These data are 

plotted as a cumulative distribution in Figures VII-4 

through VII-6. A considerable reduction in the amount of 

silver in the plant effluent is achieved by the use of 

standard metallic replacement and electrolytic plating

silver recovery processes. 


The group of plants shown in Table VII-7 and Figure VII-6 
either hold waste fix in holding tanks pending batch 
discharge or contractor haul the waste fix. As a result,
the effluent samples taken from these plants contain no 
waste fix. The silver amount in the effluent from these 
plants is attributed to carryover of silver into the 
after-fix wash. The average quantity of silver (0.11
kg/1,000 sq m) in the effluent of the plants included in 
Table VII-7 supports the average silver quantity ( 0 . 1 4
kg/1,000 sq m )  for the plants included in Table VII-6 when 
the relative amounts of silver in the fix after silver 
recovery and the wash water are considered. Although
contractor hauling potentially results in reduced plant
effluent silver levels, the hauled fix must be disposed of 
in an environmentally sound manner for this to be a net 

environmental benefit. 


Additional reduction of discharged silver can be achieved by

the use of ion exchange or reverse osmosis and chemical 

precipitation in addition to the standard processes as shown 

in Table VII-8. At present, most of the industry uses 

metallic replacement and electrolytic plating recovery

methods. Ion exchange, reverse osmosis, and precipitation 




methods are used only at a few sites and then, generally, in 

addition to the other methods. 


TABLE VII-5 

Results of Silver Recovery on Silver Content in Plant 


Effluent - No Silver Recovery on Some Processes 


Total silver load,

Plant (lb/1,000 sq ft)
kq/1,000 sq m 


0204 0 . 4 7  (0 .096)  
0205 1.0 (0 .21 )  
0209 0.54 (0.11) 
021 8 1.4 (0 .29 )  
0223 0.25 ( 0 . 0 5 1 )  
0227 0.88 ( 0 . 1 8 )  
0228 0.034 (0 .007)  
0229 0.83 ( 0 . 1 7 )  
0230 0.78 (0 .16 )  

Av = 0.68 ( 0 . 1 4 )  



TABLE VII-6 

Results of Silver Recovery on Silver Content in


Plant Effluent - Silver Recovery on All Processes 


Total silver load,

Plant kq/1,000 Sq m (lb/Ir000 Sq ft) 


0201 0.12 
0202 0.17 
0203 0.22 
021 0 0.088 
021 1 0.17 
021 3 0.21 
021 4 0.037 
0220 0.054 
0221 0.34 
0224 0.073 
0225 0.15 
0226 0.23 
0232 0.13 
0233 0.049 
1421 0.27 
'1465 0.13 
2146 0.32 
2714 0.063 

(0 .025 )  
(0 .034 )  
(0 .045 )  

( 0 . 0 1 8 )  
(0 .034)  
( 0 . 0 4 4 )  

(0 ,0075)  
(0 .01  1 )  

(0 .07 )  
(0 .015 )  

( 0 . 0 3 1 )  
(0 .048 )  
(0 .027)  

(0 .010)  
(0 .055)  
(0 .026)  
(0 .066)  

(0 .013 )
51 20 0.0013 ( 2 . 6  x 10-4)
8226 0.054 (0 .011 )  

Av = 0.14 (0 .0291 

I 



TABLE VII-7 

Results of Silver Recovery on Silver Content in 

Plant Effluent - Silver Recovery on All Waste Fix 


But Waste Fix Not in Sample 


Plant 
Total silver load,
ks/1,000 sq m (lb/1,000 sq ft) 

0021 0.16 ( 0 . 0 3 2 )  
0206 ' 0.059 ( 0 . 0 1 2 )  
0234 0,059 ( 0 . 0 1 2 )  
0235 0 .19  (0 .039 )  
0236 
0237 

0.088 (0 .018)  
0.14 ( 0 . 0 2 8 )  

0662 0 .12  ( 0 . 0 2 5 )  
1635 0 . 2 5  ( 0 . 0 5 2 )  
2465 
2488 
3437 

0.088 ( 0 . 0 1 8 )  
0 . 1 0  ( 0 . 0 2 1 )  
0.028 ( 0 . 0 0 5 8 )  

3630 0.043 (0 .0089)  
4228 0.14 ( 0 . 0 2 8 )  
4550 0.078 ( 0 . 0 1 6 )  
4666 0.068 ( 0 . 0 1 4 )  
5552 
61 74  

0.059 ( 0 . 0 1 2 )  
0.054 ( 0 . 0 1 1 )  

6582 0.13 ( 0 . 0 2 6 )  
6726 0.17 ( 0 . 0 3 4 )  

Av = 0.11 ( 0 . 0 2 2 )  

. . 


